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APPARATUS FOR INSPECTING 
DISPLAY PANEL AND METHOD 
FOR INSPECTING THE SAME 

Background of the Invention 

[0001] The present invention relates to an apparatus for inspecting a liquid crystal 

display panel mainly for use in a manufacturing process for a liquid crystal display 
device. 

[0002] Background of the invention 

[0003] In the manufacturing process for a liquid crystal display device, before driver ICs 
are mounted onto a liquid crystal display panel, the liquid crystal display panel is 
inspected for pixel defects, insufficient or uneven color, luminance and the like by 
lighting a liquid crystal panel substrate with liquid crystal sealed therein. In an 
inspection apparatus for use in the inspection, light from a light source is irradiated 
onto the liquid crystal display panel to inspect a transmission characteristic thereof. 
Such inspection is called a lighting inspection, a cell inspection or a panel inspection, 
which is called a lighting inspection hereinbelow. 

[0004] The foregoing lighting inspection is a visual inspection, an automatic inspection 
using a measuring apparatus and the like, which are common in that the light from 
the light source is irradiated onto the liquid crystal display panel to inspect the 
transmission characteristic thereof. 

[0005] . . . , . 

A lighting inspection apparatus used for a conventional lighting inspection is 

described, for example, in the gazette of Japanese Patent Laid-Open No. Hei 4 (1992)- 

248435 or the gazette of Japanese Patent Laid-Open No. Hei 7 (1 995)-325009. Such a 

conventional lighting inspection apparatus is used for performing an inspection by 
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use of a light source equivalent to a backlight of a usual liquid crystal display device. 
For the backlight of the inspection apparatus, a xenon lamp or a fluorescent lamp has 
been used. Advantages of the xenon lamp are that the luminance is even and high, 
stability is high, a size is small and so on. Conversely, disadvantages thereof are that 
lifetime is short and costs of a control power source and of the same lamp are high. 
Meanwhile, for the fluorescent lamp, a straight fluorescent lamp has been used. As a 
structural nature thereof, light from both ends of the fluorescent lamp is dark. In this 
case, in order to prevent regions of the liquid crystal display panel from being 
darkened, onto which the light from the both ends is irradiated, a fluorescent tube 
longer than a size of the panel to be inspected must be used, thus an optical system 
of the inspection apparatus has been enlarged, leading to enlargement of the 
inspection apparatus itself. 

Brief Summary of the Invention 

[0006] As described above, for the backlight of the lighting inspection apparatus, the 
xenon lamp or the fluorescent lamp has been used. In the case of using the xenon 
lamp, there has been a problem that a cost for common use is high though the 
performance is high. In the case of using a fluorescent lamp, there has been a 
problem that the inspection apparatus is enlarged. 

[0007] The present invention was made with the foregoing problems in mind. A first 
object of the present invention is to realize an inspection apparatus using a small 
backlight constituted of a dimmer plate as well as a fluorescent lamp, thus to 
miniaturize the inspection apparatus for a display panel. A second object of the 
present invention is to propose an inspection method for a display panel, which uses a 
dimmer plate autonomously adjusting light. 

[0008] In order to achieve the foregoing objects, according to a first aspect of the present 
invention, there is provided an apparatus for inspecting a display panel, comprising: a 
support structure disposing thereon a display panel to be inspected; 

[0009] a light source; and 

[001 0] a dimmer plate with a characteristic modulating a light transmission characteristic 
in accordance with an intensity of light incident thereonto, the dimmer plate being 



AppJD=09683701 



Page 2 



disposed between the support structure and the light source, 

[001 1] wherein light emitted from the light source is made to transmit through the 

dimmer plate, then made incident onto the display panel disposed on the support 
structure. 

[0012] In order to simplify a structure of the apparatus, a second aspect of the present 
invention is characterized in that, in a constitution of the first aspect, the dimmer 
plate modulates the light transmission characteristic in accordance with an intensity of 
an ultraviolet ray incident thereonto and has a reversible photochromic property. 

[001 3] In order to miniaturize the apparatus, a third aspect of the present invention is 
characterized in that, in the constitution of the first aspect, a fluorescent light 
emitting tube made of a bent glass tube is provided as the light source. 

[001 4] In order to make even brightness on a surface to be inspected, a fourth aspect of 
the present invention is characterized in that, in the constitution of the first aspect, a 
^ light diffusion plate is disposed between the dimmer plate and the display panel to be 

3 inspected. 

«% [001 5] According to a fifth aspect of the present invention, there is provided a method 
3 for inspecting a display panel, said method comprising the steps of: 

S| [0016] disposing a display panel to be inspected on a support structure; emitting light 
V from a light source; 

[001 7] making the light emitted from said light source incident onto a dimmer plate, and 
modulating a light transmission characteristic in accordance with an intensity of the 
incident light, thus controlling a quantity of light transmitted through the dimmer 
plate; and 

[001 8] making the transmitted light incident onto the display panel to be inspected, the 
transmitted light having the controlled quantity. 



[0019] 



A sixth aspect of the present invention, which relates to an optical route, is 
characterized in that, in the method of the fifth aspect, the transmitted light having 
the controlled quantity is diffused, and the diffused light is made incident onto the 
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display panel to be inspected. 

[0020] A seventh aspect of the present invention, which relates to a method for utilizing a 
dimmer plate, is characterized in that, in the method of the fifth aspect, the step of 
controlling a quantity of transmitted light modulates the light transmission 
characteristic in accordance with an intensity of an incident ultraviolet ray and utilizes 
a reversible photochromic property. 

[0021] An eighth aspect of the present invention, which relates to a concrete inspection 
method, in the method of the fifth aspect, further comprises the step of: comparing a 
transmission intensity of light detected after being transmitted through the display 
panel and a predetermined transmission intensity of light in a standard sample with 
each other. 

Brief Description of the Several Views of the Drawings 

[0022] For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with 
the accompanying drawings. 

[0023] FIG. 1 is a sectional view schematically showing a backlight. 

[0024] FIG. 2 is a conceptional view showing an effect of a dimmer plate. 

[0025] FIG. 3 is a view showing an assembly order of a backlight for an inspection 
apparatus for a display panel in accordance with the present invention. 

[0026] FIG. 4 is a sectional side view of the inspection apparatus for a display panel. 

[0027] 

FIGS. 5A and 5B are a table and a graph showing luminance distributions of the 
backlight on a surface onto which the liquid crystal panel is mounted: Fig. 5A shows 
measurement points; and Fig. 5B shows luminance distributions on the respective 
measurement points in the following cases made for achieving the evenness of the 
luminance, in which a line A shows a luminance distribution in the case of using two 
fluorescent lamps of an electric light bulb type, two diffusion plates, two Fresnel 
plates and a white acrylic plate with a thickness of 3 mm; a line B shows a luminance 
distribution in the case of using a straight fluorescent lamp and a white acrylic plate 
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with a thickness of 3 mm; a line C shows a luminance distribution in the case of using 
a xenon lamp and a white acrylic plate with a thickness of 3 mm; and a line D shows a 
luminance distribution in the case of using a backlight for use in a liquid crystal 
display product 

[0028] FIG. 6 is a graph showing a comparison result of a luminance distribution in the 
case of using a dimmer plate and that in the case of not using a dimmer plate in an 
inspection apparatus using the fluorescent lamp of the electric light bulb type, in 
which a line E shows a luminance distribution in the case of not using the dimmer 
plate in an inspection apparatus having a diffusion plate adhered onto an inner 
surface of a cell stage, and a line F shows a luminance distribution in the case of using 
a dimmer lens in an inspection apparatus having a diffusion plate adhered onto the 
inner surface of the cell stage similarly to the case in the line E. 

Detailed Description of the Invention 

[0029] Hereinbelow, description will be made in detail for embodiments of the present 
invention with reference to the accompanying drawings. First, description will be 
for a basic principle constituting the present invention. 

[0030] FIG. 2 is a schematic view for explaining the basic principle of the present 

invention. It is assumed that visible light with an intensity P and an ultraviolet ray with 
an intensity V are emitted from a light source 301 . Since the intensity of the visible 
light and the intensity of the ultraviolet ray are generally proportional to each other, a 
relationship therebetween can be represented as: 

[0031] P = gV, where g is a proportionality coefficient. It is assumed that, generally, when 
the visible light is transmitted through a dimmer plate 302, the visible light is 
attenuated by Pa and the rest P (1 - a) is transmitted therethrough, where a is an 
absorptivity. Moreover, it is assumed that the dimmer plate 302 is colored only by the 
ultraviolet ray, thereby the absorptivity a is varied in proportion to the intensity V of 
the ultraviolet ray. Specifically, a relation of: a = bV is established, where b is a 
proportionality coefficient. 

[0032] under the situation as described above, the intensity of the light transmitted 

through the dimmer plate 302 is represented as: P(l - a), which is equal to gV(l - bV). 
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It is readily reached that, in this function, a maximum value is obtained when V = 1 / 
(2b) and a V-dependance (hence, a P-dependance) is minimum in the vicinity thereof. 
Moreover, the light intensity at this time is P/2, which is half the intensity of the initial 
light intensity P. 

[0033] As described above, a transmission characteristic of the dimmer plate is adjusted 
so that the intensity of the transmitted light can be a half of the initial one, thus the 
intensity of the light outputted from the dimmer plate can be stabilized. Moreover, it 
can be readily understood that, when a variance of the light intensity exists depending 
on a position in the dimmer plate, the variance is reduced. 

[0034] Moreover, it is assumed that the dimmer plate 302 is colored only by the 

ultraviolet ray, there is a threshold in the intensity of the light for such coloring, and 
the dimmer plate is not colored by an ultraviolet ray with an intensity equal to the 
threshold or less. It is assumed that the absorptivity a has a linear relationship with 
the intensity V of the ultraviolet ray. The relationship is represented as: a = b V - b 
Q . Specifically, when V > b Q /b ] , a = b 1 V - b Q . And when V < b Q /b i , a = 0. 
Here, b q and b are proportionality coefficients. In this case, by a discussion similar 
to the above, the intensity of the light transmitted through the dimmer plate is 
represented as: P(l - a), which is equal to gV(l - (b i V - b )). It is readily reached 
that this function takes the maximum value when V = (1 + b q )/(2b ^ ), and the V- 
dependance (hence, the P-dependance) is minimum in the vicinity thereof. Moreover, 
the intensity of the light at this time is P(l + b )/2, which is equal to a half of the 
initial one or more. Therefore, the intensity of the light can be increased more than 
the foregoing case. 

[0035] 

It is assumed that the dimmer plate 302 is colored only by the ultraviolet ray. 
When the absorptivity a of the visible light depends on the intensity V of the ultraviolet 
ray non-linearly in such a manner that a - 1 - exp(-bV) is established (b is constant), 
and when the transmittance of the visible light is represented as (1 - a), then by the 
discussion similar to the above, the intensity of the light transmitted through the 
dimmer plate is represented as: P(l - a), which is equal to gV(exp(-bV)). It is readily 
reached that the function takes the maximum value when V = 1 /b and the V- 
dependance (hence, the P-dependance) is minimum in the vicinity thereof. What is 
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also understood is that the intensity of the light at this time is represented as: P/e 
when e is set as a base of a natural logarithm and may be adjusted so as to be 1 /2.7 
of the initial intensity. 

[0036] Even if a and V have a more complicated relation, when the intensity P(l - a) of 
light transmitted through the dimmer plate is regarded as a function of the intensity 
of the ultraviolet ray of the light source or the intensity of the visible light 
thereto, it is apparent that the variance of the intensity of the light can be leveled at 
an operating point of the light source, where the intensity P(l - a) of the light 
transmitted through the dimmer plate is not increased even when the intensity of the 
ultraviolet ray of the light source is increased. From the above, it is desirable that the 
operating point be adjusted to be at a position in the dimmer plate, which indicates an 
approximately average intensity of the light. The operating point as described above 
can be realized by a method such as adjusting the intensity of the light of the light 
p source, selecting a dimmer plate having a suitable photochromic property and 

Tt adjusting the intensity of the light incident onto the dimmer plate. 

fg [0037] Moreover, though the photochromic property that the dimmer plate 302 is colored 

only by the ultraviolet ray has been assumed in the above description, any trouble is 
0 not particularly caused even if the dimmer plate is colored by the visible light or light 

r§ with a wavelength longer than the visible light. 

Cp [0038] Next, description will be made for a first embodiment with reference to FIG. 1 . FIG. 

1 is a sectional view showing a backlight 100 of the inspection apparatus for a display 
panel of the present invention. Here, a liquid crystal panel 1 to be inspected is placed 
on the uppermost portion of the backlight unit 1 00 as shown in Fig. 1 . A white acrylic 
light diffusion plate 2 is placed under the liquid crystal panel 1. On the entire surface 
of the diffusion plate 2, a diffusion sheet is adhered so as to prevent reflection of light 
or unevenness due to interference. Alternatively, the surface of the diffusion plate 2 
may be subjected, for example, to a satin finish or the like. 

[0039] A dj mmer p| ate 3 j s provided between a light source 7 and the white acrylic 

diffusion plate 2. In order to eliminate, as much as possible, change in the relation 
between the intensities of the ultraviolet ray and the visible light from the light source 
7 even after the inspection apparatus is used for a long period of time, it is desirable 
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that provision of optical elements between the dimmer plate 3 and the light source 7 
be eliminated as much as possible. As such change, for example, change in ratio of 
the intensities of the ultraviolet ray and the visible light for each spectrum is 
mentioned. Therefore, for example, disposition described as above is more desirable 
than disposition in which the white acrylic diffusion plate 2 is provided between the 
dimmer plate 3 and the light source 7. The dimmer plate 3 is a light attenuation plate 
having a reversible photochromic property, which is already available in the market. 
Here, an advantage that the photochromic property is reversible is in that the dimmer 
plate 3 can cope with lowering in luminance of the light source. Moreover, in order to 
eliminate a necessity of tone correction by the other apparatus, it is desirable that a 
tone of the dimmer plate 3 be set between white and black. Furthermore, it is 
desirable that a distance between the dimmer plate 3 and the light source 7 be 
adjusted in response to a necessary intensity of the ultraviolet ray. With regard to a 
shape of the dimmer plate 3, a planar shape is desirable since it is easy to be 
prepared. However, a convex lens, a concave lens or a shape obtained by combining 
these lenses may be provided on the surface of the dimmer plate 3 according to 
needs, thereby contributing the diffusion of light. Such lenses may be provided for 
each light source, or a large number of microlenses may be provided. Furthermore, 
the diffusion of the light, provision of a disordered uneven pattern can be also 
effective. 

[0040] The convex lens, the concave lens or the shape obtained by combining these 
lenses, alternatively the microlenses or the disordered uneven pattern, which are 
described as above, may not be provided on the dimmer plate but may be provided on 
a transparent planar matter, which is separately prepared. Thus, the dimmer plate is 
shaped to be like a planar plate, a convex lens or a concave lens as a whole. Thereby, 
the cost of the dimmer plate can be reduced. 

[0041] ^ s t | ie dj mmer p| ate 3 s a |jght attenuation plate having an irreversible 

photochromic property can be used. In this case, an ultraviolet ray is previously 
irradiated onto the attenuation plate by an apparatus of the same type as the above- 
described one, which is equipped with a source of an intense ultraviolet ray, and the 
attenuation plate is colored by photochromism, thus a function similar to the above 
can be imparted thereto. However, in this method, there are disadvantages that the 
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transmission characteristic of the dimmer plate tends to be changed for a long period 
of time and it is difficult to cope with the lowering of luminance in the light source. 

[0042] In FIG. 1 , the liquid crystal panel 1 , the white acrylic diffusion plate 2 and the 
dimmer plate 3 are in close contact from one to another. However, it is possible to 
provide the liquid crystal panel 1 , the diffusion plate 2 and the dimmer plate 3, each 
being spaced from the other. Particularly, in the case where a temperature distribution 
is generated in the liquid crystal panel 1 due to heat transfer, the liquid crystal panel 
1 , the diffusion plate 2 and the dimmer plate 3 are provided, each being sufficiently 
spaced from the other, and air thereamong is diffused or exhausted according to 
needs, thus the generation of the temperature distribution in the liquid crystal panel 1 
can be avoided. 

[0043] An inner surface of a cell stage 4 is subjected to a satin finish by sandblast in 

order to diffuse light while maintaining high reflectivity of the light. Moreover, since a 
shape of the inner surface affects the illuminance on the liquid crystal panel, the 
shape must be designed so that the illuminance on the liquid crystal panel can be 
made even. The cell stage 4 is linked with a cell stage base 5, which is fixed to a 
frame of the inspection apparatus for a display panel through a cell stage attachment 
base 6. 

f [0044] 

The light source 7 is single or plural according to needs and is fixed to the cell 
stage base 5. As the light source 7, a commercially available fluorescent lamp of an 
electric light bulb type can be used, the fluorescent lamp including a bent fluorescent 
tube, in order to miniaturize the inspection apparatus for a display panel. From the 
fluorescent lamp, an ultraviolet ray as a spectrum of mercury and visible light 
obtained by converting the ultraviolet ray by a fluorescent material are emitted. An 
effect by use of the fluorescent lamp is that the apparatus can be miniaturized as 
described above. By realizing a small-sized inspection apparatus, a manufacturing 
cost of the apparatus itself can be reduced. In the case where the inspection 
is disposed in a clean room, a footprint of the apparatus is decreased, thus making it 
possible to reduce an accompanying cost. For the light source 7, a linear-shaped 
fluorescent lamp and a fluorescent lamp of the foregoing electric light bulb type can 
be also used in combination. Fluorescent tubes of these fluorescent lamps have 
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different degradation characteristics from each other due to different shapes thereof 
or the like, and luminance distributions thereof are varied with time. However, such 
luminance distributions are relieved to a great extent by use of the dimmer plate 3. 
Moreover, it is apparent that a similar function can be exerted also in such a manner 
that an ultraviolet lamp without a fluorescent material is used as the light source 7, 
and that a fluorescent plate coated with the fluorescent material is provided between 
the dimmer plate 3 and the light source 7. Furthermore, since the light source 7 
generates heat, it may cause a temperature distribution on the dimmer plate 3 in 
some cases. In the case where a distribution is caused in the photochromic property 
due to the temperature distribution, it is desirable that air in contact with the light 
source be diffused or exhausted. 

[0045] In order to inspect a display state of the pattern by applying electric signals to the 
liquid crystal panel 1 , electric contacts are provided onto drawing terminals of the 
liquid crystal panel 1 by use of probe needles or flat board probes (FBP) 8. Such 
contacts are performed on a side in an X-direction of the liquid crystal panel 1 and a 
side in a Y-direction thereof. However, since driver ICs are not attached to the liquid 
crystal panel 1 at this inspection step, the number of contacts becomes a value 
corresponding to that of the foregoing drawing terminals or a value obtained by 
dividing the number of drawing terminals into some blocks. Display of a specified 
pattern or display without a pattern is performed by applying predetermined signals 
to these terminals. The luminance or a pattern abnormality on the display surface is 
visually inspected or automatically inspected by use of a color meter or a luminance 
meter. 

[0046] In such an inspection, particularly in the case of performing the visual inspection, 
it is desirable that the inspected panel be compared with a standard sample previously 
prepared. Multi-point measurement is performed in the case of the automatic 
inspection. In this case, measured values of the case where the liquid crystal panel 1 is 
not placed should be previously prepared, and it is desirable to compare the 
measured values with measured values of the case where the liquid crystal panel 1 is 
placed. 

[0047] 

Next, description will be made for a second embodiment with reference to a 
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schematic view of FIG. 3. FIG. 3 shows an assembly order of a backlight 1 01 for the 
inspection apparatus for a display panel. The backlight 1 01 is comprised of: the light 
diffusion plate 2; a diffusion sheet 9; a mirror film 10; a reflection filter 1 1 ; dimmer 
lenses 12; fluorescent lamps 7 of the electric light bulb type; and a socket 13 for the 
fluorescent lamps. These parts are assembled to make a constitution similar to that 
shown in the sectional view of FIG. 1 . Here, a function of the mirror film 1 0 is to 
promote the diffusion of light and enhance the evenness of the illuminance on the 
liquid crystal panel surface. The reflection filter 1 1 is processed to remove an infrared 
ray or a near-infrared ray. The dimmer lenses 12 are convex lenses made of a 
with a reversible photochromic property. These lenses are fixed to a light shielding 
matter and used as windows transmitting light therethrough. 

[0048] FIG. 4 is a sectional side view of an inspection apparatus 200 for a display panel of 
the present invention. Besides the foregoing backlight 100, the inspection apparatus 
200 for a display panel is constituted of: a cell stage fixing frame 1 10; a signal 
generating circuit 1 20 for a liquid crystal panel; an apparatus control circuit 1 30; and 
a lamp control power source 1 40. 

[0049] Next, description will be made for an improvement effect for the luminance of the 
backlight, which is brought by the constitution of the present invention. In order to 
see the distribution of the luminance of the backlight on the surface, onto which the 
liquid crystal panel is mounted, as shown in FIG. 5A, the surface is divided into nine 
blocks (3 x 3), and results obtained by measuring the luminance in the blocks by use 
of the luminance meter are shown in FIG. 5B. In FIG. 5B, distributions standardized by 
the luminance on a spot 5 as a center block on the surface are shown. Here, there are 
shown luminance distributions in the following cases, which were made for achieving 
the evenness of the luminance. Specifically, a line A shows a luminance distribution in 
the case of using two fluorescent lamps of the electric light bulb type, two diffusion 
plates, two Fresnel plates and a white acrylic plate with a thickness of 3 mm. A line B 
shows a luminance distribution in the case of using a straight fluorescent lamp and a 
white acrylic plate with a thickness of 3 mm. A line C shows a luminance distribution 
in the case of using a xenon lamp and a white acrylic plate with a thickness of 3 mm. 
And a line D shows a luminance distribution in the case of using a backlight for use in 
a liquid crystal display product. From the graph of Fig. 5B, it is understood that the 
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luminance distribution is the most uneven in the case of using the fluorescent lamp of 
the electric light bulb type, which is shown by the line A. 

[0050] In order to see a correction effect of the luminance by the dimmer plate in the 
inspection apparatus using the fluorescent lamp of the electric light bulb type, as 
shown in FIG. 6, a luminance distribution in the case of using the dimmer plate and a 
luminance distribution in the case of not using the dimmer plate were compared with 
each other. In Fig. 6, a line E shows a luminance distribution in the case of not using 
the dimmer plate in an inspection apparatus having a diffusion plate adhered onto the 
inner surface of the cell stage. And, a line F shows a luminance distribution in the case 
of using a dimmer lens in an inspection apparatus having a diffusion plate adhered 
onto the inner surface of the cell stage similarly to the case in the line E. As 
understood from the graph, the luminance distribution is improved by about 1 0% in a 
peripheral portion of the surface. 

[0051] As described above, unevenness in luminance, which is caused by use of the 
small-sized fluorescent lamp of the electric light bulb type as a light source, is 
corrected by use of the dimmer plate or the dimmer lens using a photochromic effect, 
thus constituting the present invention. Accordingly, the unevenness in luminance is 
automatically corrected, and the luminance distribution is improved by about 10%. 
And, the inspection apparatus for a display panel is obtained, which is smaller than 
the conventional one while having the performance approximately equal to the 
conventional one. 

[0052] Although the preferred embodiments of the present invention have been 

described in detail, it should be understood that various changes, substitutions and 
alterations can be made therein without departing from spirit and scope of the 
inventions as defined by the appended claims. 
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